Researchers of mathematics learning disability (MLD) commonly use cutoff scores to determine which participants have MLD. Some researchers apply more restrictive cutoffs than others (e.g., performance below the 10th vs. below the 35th percentile). Different cutoffs may lead to groups of children that differ in their profile of math and related skills, including reading, visual-spatial, and working memory skills. The present study assesses the characteristics of children with MLD based on varying MLD definitions of math performance either below the 10th percentile (n = 22) or between the 11th and 25th percentile (n = 42) on the Test of Early Math Ability, second edition (TEMA-2). Initial starting levels and growth rates for math and related skills were examined in these two MLD groups relative to a comparison group (n = 146) whose TEMA-2 performance exceeded the 25th percentile. Between kindergarten and third grade, differences emerged in the starting level and growth rate, suggesting qualitative differences among the three groups. Despite some similarities, qualitative group differences were also observed in the profiles of math-related skills across groups. These results highlight differences in student characteristics based on the definition of MLD and illustrate the value of examining skill areas associated with math performance in addition to math performance itself.
M athematics learning disability (MLD) is estimated to affect between 5% and 8% of school-age children in the United States (Badian, 1983; Geary, 2004) and in other countries, including Israel (GrossTsur, Manor, & Shalev, 1996) and India (Ramaa & Gowramma, 2002) . The prevalence of MLD is comparable to the prevalence of reading disability (RD) , and yet less attention has been devoted to understanding MLD compared to RD (Jordan, Levine, & Huttenlocher, 1995; Mazzocco & Myers, 2003) . In part, this discrepancy may be due to the complexity associated with the study of mathematics (Landerl, Bevan, & Butterworth, 2004) . As Geary (2004) pointed out, "In theory, a learning disability can result from deficits in the ability to represent or process information in one or all of the many mathematical domains (e.g., geometry) or in one or a set of individual competencies within each domain" (p. 4). Such complexity poses a challenge for defining MLD and establishing the core deficits that constitute the MLD phenotype. Consequently, studies vary with respect to how they define MLD and what measures they use to assess poor performance. The purpose of this study is to assess whether the characteristics of MLD vary as a function of different "poor" performance cutoff criteria used by researchers to define MLD.
To better appreciate the full range of the definitions used by researchers to classify children with MLD, we conducted a PsycInfo search of peerreviewed journal articles published in English between 1985 and 2006 . The search terms used included the title words math, mathematics, mathematical, and arithmetic, all in combination with disability or difficulty; the phrase mathematically disabled; and dyscalculia. This search yielded a total of 231 articles on MLD. This is in contrast to the 1077 articles that resulted from a search for articles from the same time period limited to dyslexia in the title word. It is not surprising, therefore, that no consensus definition for MLD has yet been reached.
Although a few instruments are available to aid in the assessment of MLD (e.g., Butterworth, 2003; Shalev & Gross-Tsur, 2001) , no instrument has been exclusively used or commonly agreed upon as the standard. In part, this lack of diagnostic instruments reflects a lack of consensus as to what defines MLD and what constitutes its core deficits. As a result, researchers have used a wide array of measures and a wide range of criteria to define and diagnose MLD. One possible outcome of using multiple approaches across studies of MLD is that the core group of children with MLD will meet most of the existing definitions and that studies based on differing definitions will address comparable populations. In this case, the results of the studies as a whole would represent converging evidence. Alternatively, different definitions may lead to quite different samples, representative of populations whose math and related skills differ substantially. Evidence from the literature on RD provides some support for the latter possibility Francis, Fletcher, Shaywitz, Shaywitz, & Rourke, 1996; Morris et al., 1998) . If math and related skills differ based on the MLD definition, differences in samples may limit the generalizability of research findings across time and studies, dilute effect sizes, and impede the development of diagnostic instruments.
Across the studies that we reviewed based on our PsycInfo search, two approaches for defining MLD predominated: a discrepancy between IQ and performance level (e.g., Lindsay, Tomazic, Levine, & Accardo, 2001 ), a cutoff criterion to determine the levels that constituted poor performance, such as performance below a given percentile on standardized measures of mathematics achievement (e.g., Fletcher et al., 1998; Jordan, Hanich, & Kaplan, 2003; Geary, Hamson, & Hoard, 2000) . The utility of cutoff-based versus IQ-discrepancy approaches has been discussed extensively in the literature on learning disabilities (LD) in general and RD specifically (see Fletcher et al., 1998; Francis et al., 1996; Morris et al., 1998) . In essence, not only do IQ-discrepancy definitions lack discriminant validity but they also leave unspecified at which point a discrepancy becomes significant, and they do not account for changes over time in the stability and interpretability of discrepancy scores Francis et al., 1996) . Moreover, MLD is not simply a function of low cognitive ability (Jordan et al., 2003; Landerl et al., 2004) , and the IQ-discrepancy method does not reliably differentiate children with MLD from their peers without MLD, at least in the primary school years (Mazzocco & Myers, 2003) . Consequently, in the present study, we have not considered this approach, and we have excluded these studies from Table 1 . Instead, our focus was on the performance cutoff approach to defining MLD. Although this approach also is not without its limitations (Francis et al., 2005) , including the arbitrary nature of the cutoffs, it represents a standard approach to defining MLD. As such, exploring the implications of using a cutoff approach will contribute to a better understanding of the sample characteristics associated with commonly used criteria for evaluating poor performance.
One challenge associated with using a cutoff criterion is how to establish what performance cutoff most accurately captures the severity of MLD . As illustrated in Table 1 , the cutoff scores used to determine MLD vary considerably across studies, ranging from the 5th percentile (Shalev, Manor, Auerbach, & GrossTsur, 1998; Shalev, Manor, & GrossTsur, 2005) to the 35th (Jordan et al., 2003) and 46th (Geary, Bow-Thomas, & Yao, 1992) percentiles. Consequently, different deficits may be identified by various studies in part because of the variability in the definition criteria across studies.
Although frequently used, higher cutoffs (e.g., 25th, 35th, and 45th percentile) are inconsistent with the prevalence estimates of MLD between 5% and 8%. These higher cutoffs are often used to obtain a sufficient sample size (e.g., Jordan et al., 2003) or are based on children's eligibility for school services (e.g., Geary, 1990; Geary et al., 1992) . The clinical significance of the cutoff score used is worthy of formal investigation, as the heterogeneity of sample characteristics associated with the use of broad criteria may mask important group differences. Alternatively, criteria that are overly restrictive may limit the sample size, thereby reducing the power to detect significant differences. Moreover, studies with high cutoffs may actually measure causes for low math achievement rather than clinical MLD (Landerl et al., 2004) . Investigation into both areas of mathematics (low math achievement and MLD) can make valuable contributions to understanding mathematics ability, yet investigations of group differences that may arise as a function of MLD definition will increase the comparability and ease of interpretation of findings across studies.
Two percentiles that represent a reasonable starting point for evaluating group differences are the 10th and the 25th percentiles. The 10th percentile is one of the more restrictive criteria used in Table 1 , and it is close to the reported prevalence of MLD. The 25th percentile is commonly used in research (Fuchs, Fuchs, & Prentice, 2004; Geary, 2004; Geary & Hoard, 2005; Jiménez Gonzalez & Garcia Espínel, 1999; McLean & Hitch, 1999; Wilson & Swanson, 2001) . In the present study, we examined the outcome of using these different criteria across studies. Rather than directly comparing performance at the 10th percentile to performance at the 25th percentile, we used these two percentiles to divide participants into three mutually exclusive groups: participants whose performance was at or below the 10th percentile, those whose math performance was between the 11th and 25th percentiles, and those whose math performance was higher than the 25th percentile. This approach was taken because the 10th and 25th percentile cutoff scores represent separate but overlapping groups, as the 10th percentile group is subsumed within the 25th percentile group. Lack of mutual exclusivity between groups is problematic because, in addition to examining two different but overlapping groups with MLD, it results in two different yet overlapping comparison groups. Moreover, the lack of mutual exclusivity precludes direct statistical comparison between the math ability groups by violating the assumption of independence associated with many statistical procedures for group comparisons. Comparing three mutually exclusive groups allowed us to examine the characteristics of the two MLD groups in reference to a single comparison group of children without MLD and to control for the influence of the 10th-percentile group on the profile of the 25th-percentile group.
A second consideration in using the cutoff approach to defining MLD is that the measure used to assess math ability may influence whether a child is designated as having MLD (Mazzocco & Myers, 2003) . General measures of math ability, such as the Wide Range Achievement Test-Revised (WRAT-R; Jastak & Wilkinson, 1984) and the Woodcock Johnson-Revised (WJ-R) Calculation or Applied Problems subtests (Woodcock & Johnson, 1989) , have been used to identify children with MLD (see Table 1 ). These standardized measures of achievement are likely to overestimate performance in some areas, while underestimating performance in others (Geary, 2004) . Although performance may "average out" across these measures (Geary, 2004, p. 5) , this lack of precision may contribute to the difficulty in identifying the core deficits associated with MLD (Jordan, Kaplan, & Hanich, 2002) . Moreover, many general achievement measures are not designed to directly assess the fundamental skills that underlie performance (e.g., number sense, counting skills). Instruments that are designed to measure component skills associated with math performance may more accurately characterize specific areas of math difficulty than those designed to measure general math ability. In the present study, MLD is assessed based on performance on a standardized measure of early mathematics skills used to assess both formal and informal mathematics-related concepts.
A third consideration associated with defining MLD is whether the persistence of MLD is considered in the definition. Of the 22 studies reviewed in Table 1 , only about one third (Geary, Brown, & Samaranayake, 1991; GrossTsur et al., 1996; Ostad, 1997; Passolunghi & Siegel, 2004; Shalev et al., 1998 Shalev et al., , 2005 Silver, Pennett, Black, Fair, & Balise, 1999 ) used more than one assessment to establish a diagnosis of MLD. The issue of persistence of MLD is not trivial. Silver et al. (1999) , for example, found that only about half of their 9-to 13-year-old participants with MLD retained that diagnosis at a 19-month follow-up. This figure is consistent with the 47% and 63% persistence of MLD reported by Shalev et al. (1998) and Mazzocco and Myers (2003) , respectively. Moreover, the group of children with persistent MLD studied by Mazzocco and Myers constituted 9.6% of the total study sample, which they pointed out is close to the prevalence estimates of MLD in the general population. Together, these findings provide empirical support for the inclusion of the persistence of MLD in the definition. The present study followed children from kindergarten through third grade, so we were able to include persistence in our definition of MLD.
Characterizing Group Differences in Mathematics Ability
In the present study, we consider whether the characteristics of children identified as having MLD vary as a function of the cutoff criteria used to determine their MLD status. To address this question, we compared children whose performance fell at or below the 10th percentile, between the 11th and 25th percentiles, and above the 25th percentile on (a) rate of growth of math skills and (b) the relationship between math and math-related skills.
Analyzing growth rate is useful for determining performance at a given point in time and the average rate of growth and acceleration in growth across a series of time points (Jordan et al., 2003) . For example, Jordan et al. found that children with MLD (as defined by their performance below the 35th percentile on the WJ-R Broad Mathematics composite) did not differ in their growth rate between second and third grade from children with comorbid MLD and RD on the administered math tasks (i.e., forced retrieval of number facts, approximate arithmetic, place value, and written computation). The present study used growth curve analysis to determine whether changes in mathematics ability over time distinguished our cutoff groups.
In addition to rates of growth, the relationship between math and mathrelated skills, such as working memory, may vary as a function of the cutoff criterion used to measure MLD. Indeed, a relationship between math performance and math-related skills has been documented in the areas of reading (Mazzocco & Myers, 2003; Rä-sänen & Ahonen, 1995) , visual-spatial skills (Dehaene, Spelke, Pinel, Stanescu, & Tsivkin, 1999; Fias & Fischer, 2005) , and working memory (Bull & Scerif, 2001; Epsy et al., 2004; Swanson & Beebe-Frankenberger, 2004; Wilson & Swanson, 2001 ). As such, stronger or more consistent relationships may be found between math and math-related skills with MLD definitions that are more restrictive than with those that are broad. This study included measures of reading ability (decoding and retrieval speed), visual-spatial skills, and executive function/working memory and examined the growth rate of these skills as a possible means by which to distinguish groups with varying math ability. These measures reflect commonly used assessment tools and, therefore, may be helpful for identifying the profile of math-related skills consistent with MLD.
In summary, the present study addresses methodological issues inherent in using performance criteria when defining-or assessing the presence of-learning disabilities such as MLD. Of interest is the question of whether different classification methods may lead to discrepancies in the cognitive characteristics of the groups under study. Specifically, we asked whether different profiles of character- istics emerged across groups of children whose performance was in the bottom 10th percentile (MLD-10) relative to those whose performance was between the 11th and 25th percentiles and those whose performance was higher than the 25th percentile (non-MLD), and, if so, whether these math groups were distinguished on the basis of when their differences emerge during the primary school years. We hypothesized that the three (Table 1 (Dunn & Markwardt, 1970) ; WISC-R = Wechsler Intelligence Scale for Children-Revised (Wechsler, 1974) ; WJ-R = Woodcock Johnson Psychoeducational Battery-Revised (Woodcock & Johnson, 1989) ; WIAT = Wechsler Individual Achievement Test (The Psychological Corporation, 1992); TEMA-2 = Test of Early Math Ability, 2nd ed. (Ginsburg & Baroody, 1990) ; FSIQ = Full Scale IQ; WRAT-R = Wide Range Achievement Test-Revised (Jastak & Wilkinson, 1984) . a These criteria apply only to the definition of MLD, not to any specific MLD subgroups (e.g., MLD and reading disabilities). b In addition to MLD criteria, participants were excluded based on school or clinic history, concurrent diagnosis, or teacher report. c In addition to MLD criteria, no known medical or psychological etiology was excluded. d Twin pairs. e Sample size does not include matched control groups because these groups were not mutually exclusive. f Mean age range. g In addition to MLD criteria, participants were selected from those performing in the lowest 20% of an original cohort of 3,029 school children (n = 600).
math groups would differ in their initial starting levels and growth rates for math and math-related skills, including reading, spatial, and working memory ability. Furthermore, we predicted that we would see differences across the primary school years as to when differences among the MLD groups emerged relative to each other and to children in the non-MLD group.
Method

Participants
All participants were children enrolled in a larger, prospective longitudinal study and had been recruited from one public school district in a suburban major metropolitan area. Characteristics of the schools and participant sample are described in greater detail elsewhere (Mazzocco & Myers, 2003) , as are procedures for recruitment and retention (Mazzocco & Myers, 2003) . To summarize, all children attending regular half-day kindergarten programs in the participating schools were eligible to enroll in the study, with the exception of children with mental retardation or limited English proficiency. The mean IQ scores of the sample reflected these eligibility criteria. A total of 57% of eligible children (N = 249) were enrolled during kindergarten. From this group of 249 children, a total of 210 children (103 boys and 106 girls) were evaluated yearly through third grade. This group of 210 children constituted the sample for the present study. Note, however, that 9 of these 210 participants repeated kindergarten (n = 2), first grade (n = 6), or second grade (n = 1). As a result, these 9 children were actually in second grade during the fourth year of the study. Table 2 summarizes the demographic information for the participants (see Mazzocco & Myers, 2003 , for a comprehensive description). Informed consent was obtained from parents during the initial year of the study, and reminders of annual longitudinal assessments were sent to parents each year thereafter. Assent from children was obtained at the onset of each assessment session. In view of the fact that the present study was designed as a prospective longitudinal study, there was no a priori definition of MLD, and thus there was also no initial screening to establish whether children had MLD. Instead, the presence of MLD was determined retrospectively.
Measures
Cognitive Ability. A standardized IQ score was obtained using the Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler, 1999) during the fourth year of the study (Grade 3). The WASI is a measure of general intellectual ability consisting of four subtests. A full-scale IQ score was obtained for each participant using all four subtests, based on an age-referenced mean of 100 and a standard deviation of 15. This full-scale IQ was included as a predictor variable in the growth curve models. The correlation between the four-subtest IQ on the WASI and the Wechsler Intelligence Scale for Children, third edition (WISC-III; Wechsler, 1991) , full-scale IQ is .87. The internal consistency reliability of the children's sample for IQ based on four subtests ranges from .95 to .97 (M = .96; Wechsler, 1999).
Math Performance. Math ability was measured using the Test of Early
Math Ability, second edition (TEMA-2; Ginsburg & Baroody, 1990) , which is normed for children 2 through 8 years of age. Unlike standardized academic achievement tests that are used to assess formal, school-learned math skills, the TEMA-2 is used to assess formal and informal (or intuitive) mathematics and related concepts. Examples include counting, quantity, magnitude judgments, calculation, reading and writing numbers, place value, and math facts such as 1 + 2 = 3. The TEMA-2 was administered during all 4 years of the study. During the course of the study, the TEMA-2 was replaced by the TEMA-3; however, because of the longitudinal design of the study, we continued to use the TEMA-2. The TEMA-2 consists of 65 items. The average raw score on this test is 23 points for 5-year-olds and 46 points for 8-year-olds. An age-referenced composite score was obtained for each participant, based on a mean of 100 and a standard deviation of 15. The internal consistency reliability ranges from .92 to .96 (M = .94; Ginsburg & Baroody, 1990) . We used this measure to classify Note. MLD = mathematics learning disability; MLD-10 = participants with math performance consistently below the 10th percentile; MLD-11-25 = participants with math performance consistently between the 11th and 25th percentiles; non-MLD = participants with math performance consistently above the 25th percentile; FSIQ = Full-Scale IQ, based on all four subtests of the Wechsler Abbreviated Scale of Intelligence (Wechsler, 1999) .
children into groups with or without MLD, as described in the Procedures section.
We also administered a nonstandardized assessment of counting principles, using a modification of the counting tasks developed by Geary, Bow-Thomas, and Yao (1992) and Gelman and Meck (1983) . During this counting trials task, children were instructed to watch the examiner count aloud and to report whether the examiner counted the right number of dots. A practice trial followed these instructions, during which the examiner modeled both correct and incorrect counting, and during which the child was given the opportunity to learn that it was acceptable-indeed desired-for the child to report an error on the examiner's part when it occurred. The examiner then counted a set ranging from 7 to 13 alternating red and blue dots, each set appearing on a single page. The examiner counted either the correct number of dots or an incorrect number of dots (too few or too many). Although conventional left-to-right sequential counting was violated in some instances of correct counting, the correct trials always involved adhering to one-to-one correspondence. Incorrect responses resulted from various violations of the one-to-one counting principle, such as counting some dots more than once, skipping a dot, or restarting at one in the middle of a trial. The examiner made regular observations of the child to ensure that the child was watching the counting process and avoided giving any feedback during the test trials.
The counting trials task was administered only during the second and third years of the study. The firstgrade version included 15 trials, and the second-grade version included 24 trials. For each version, the percentage of accurate responses was calculated, as were the number of hits (i.e., answering "correct" when the counting was correct) and true negatives (i.e., answering "incorrect" when the counting was incorrect) that composed the total accuracy score.
Visual-Spatial Skills. We administered a motor-reduced visual perception task, the Position in Space subtest of the Developmental Test of Visual Perception, second edition (DTVP-2-PS; Hammill, Pearson, & Voress, 1993) . This motor-reduced subtest requires the child to match a figure from an array of choices based on the figure's orientation. Orientation may differ for the entire figure or for details within the figure. Out of 25 items on the DTVP-2-PS, the average raw scores are 13 and 20 for 5-and 8-year-olds, respectively. The internal consistency reliability for this subtest ranges from .82 to .92 (M = .88; Hammill et al., 1993 ). We selected this task because of earlier findings that performance on this task is strongly associated with concurrent and later TEMA-2 performance from kindergarten through third grade (Mazzocco & Myers, 2003) .
Reading Skills. Scores were obtained from two tests that measured the components and predictors of reading achievement. First, an agereferenced standard score from the Word Attack subtest of the WoodcockJohnson Psychoeducational Battery-Revised (WJ-R; Woodcock & Johnson, 1989) was used to measure phonological decoding-a skill related to reading success. The WJ-R was used rather than the third edition, because the latter was not available at the onset of the study. In the Word Attack subtest, the child is presented with a list of nonwords and is asked to read each one aloud. Nonwords are used to minimize inflated reading estimates that can result from sight reading or memorized single words. The Word Attack subtest was administered during all 4 years of the study. An age-referenced composite score was obtained from the Word Attack test, based on a mean of 100 and a standard deviation of 15. The internal consistency reliability from 6 to 9 years ranges from .88 to .95 (M = .93; Woodcock & Johnson, 1989) .
We also administered a nonstandardized Rapid Automatized Naming task (RAN; Denckla & Rudel, 1974) , including two subtests, Colors and Numbers. For each subtest, a brief practice trial was followed by a timed test trial. A total of 50 stimuli were presented on one page, and the child was asked to name the stimuli (colored squares or one-digit numbers), as quickly as possible without error. We obtained a total response time (RT) measure per subtest.
Although we administered the RAN during all 4 years of the study, there were important developmental differences in the two subtests. The Colors subtest was most appropriate to use for the kindergarten analyses, because not all kindergartners are sufficiently familiar with numerals to complete the Numbers subtest. However, the Numbers subtest is more strongly associated with TEMA-2 performance in the first to third grades (Mazzocco & Myers, 2003) . Therefore, we included only the Colors subtest in the multivariate kindergarten analyses, but both Colors and Numbers subtests in the multivariate analyses for first through third grade. The growth curve models, however, included both Colors and Numbers subtests for all years.
Working Memory. During first and third grades (the second and fourth years of the study), the Contingency Naming Test (CNT; Anderson, Anderson, Northam, & Taylor, 2000; Taylor et al., 1987) was administered as a measure of executive functionspecifically, working memory and reactive flexibility (Anderson et al., 2000) . The CNT is a two-subtest, Stroop-like test that requires naming stimuli (colored shapes) according to a one-or two-attribute contingency rule. Each stimulus also has an internal shape that either matches the outer shape (e.g., a small circle within a larger circle) or differs from the outer shape (e.g., a small square within a larger circle). The one-attribute rule requires a child to decide between naming each stimulus' color or shape depending on whether the inner shape matches the outer shape as follows: "If the inside shape matches the outside shape, you name the color. . . . If the inside shape does not match the outside shape, you name the outside shape." The twoattribute rule requires a child to decide between applying the one-attribute rule just described, or reversing that rule in cases where a "backward arrow" appears over the shape. As such, the CNT is useful for measuring the effects of increasing working memory load. For each subtest, after demonstrating mastery of the rule during a practice session, the child names 27 stimuli during a timed trial. Response times are obtained for each trial, as well as the number of naming errors made. In addition to these variables, an efficiency score is calculated as a measure of the speed-accuracy tradeoff, as discussed by Anderson et al. (2000) .
Normative data for the CNT indicate that many children under 7 years of age have significant difficulty with the two-attribute test (Anderson et al., 2000) . In our sample, the majority of first graders completed the oneattribute subtest (84%), whereas only 27% of the first graders completed the two-attribute subtest. By third grade, however, 91% of the children completed the two-attribute subtest. Thus, we looked only at efficiency scores from the one-attribute rule among first graders, but at efficiency scores from both subtests among third graders. In each case, the efficiency score was calculated by dividing the inverse of the response time by the square root of the number of errors plus one, then multiplying the result by 100.
Procedure
One of several female examiners administered the study protocol individually to each child, beginning with child assent, according to procedures described elsewhere (Mazzocco & Myers, 2003) . Whenever possible, testing occurred at the child's school. Children were assessed at the investigator's offices if they transferred to nonparticipating schools during the course of the study. Whenever possible, the order of administration was constant across participants; however, occasionally it was necessary to reorder tests due to extenuating circumstances (e.g., a fire drill).
The presence of MLD was determined based on scores from the TEMA-2 (Ginsburg & Baroody, 1990) . As the purpose of the present study was to assess potential differences resulting from different MLD definitions, we divided the children into three mutually exclusive math ability groups. The groups were based on the TEMA-2 composite scores and percentile ranks obtained using the norms provided by the test manual. Individual scores were rank ordered among all 210 participants in the study. We first examined which children performed below the 10th percentile (MLD-10 group) and which children performed above the 10th percentile but below the 25th percentile (MLD-11-25 group) relative to their peers. Second, we considered earlier findings that approximately 33% of children with scores in the MLD range fail to maintain low levels of performance over time. Therefore, in the present study, children were categorized as having MLD if their performance on the TEMA-2 met the aforementioned cutoff criteria for 2 or more years between kindergarten and third grade. Children who did not meet the criteria for MLD-10 or MLD-11-25 during at least two of the four grades were included in the non-MLD group. Although the percentage of boys in the MLD-10 group (68%) was larger than the percentage of boys in the MLD-11-25 group (38%), chisquare test results indicated that the distribution of boys and girls within each math group was not statistically significant. A higher percentage of boys at the lower end of the distribution (i.e., when using the MLD-10 criteria) is consistent with other researchers' observations that boys are more likely to have MLD than are girls (Badian, 1983; Barbaresi, Katusic, Colligan, Weaver, & Jacobsen, 2005) , at least for boys as young as those in the present study.
Results
Growth Curves
Growth curve analyses were conducted on children's raw scores on the TEMA-2, DTVP-2-PS, and WJ-R Word Attack, and on children's response times for the RAN Colors and RAN Numbers tasks. These analyses compared the performance of children in the MLD-10, MLD-11-25, and non-MLD groups at the initial starting point (i.e., kindergarten) and growth rate from kindergarten to third grade. We calculated two linear models for each task. Model 1 shows the results of math group effects on each task (see Table 3 ). An initial analysis used the MLD-10 group as a reference group, and a second analysis used the non-MLD group as a reference group. This allowed us to examine all possible group differences between the MLD-10, MLD-11-25, and non-MLD groups. Model 2 shows the results when predictor variables (i.e., IQ, DTVP-2-PS standard score, RAN Numbers and Colors response time) were added to the model (see Table 4 ). The counting trials and CNT were analyzed separately because they were administered only at two time points, instead of the four needed for growth curve analysis. Table 5 reports the means, standard deviations, and effect sizes for each of the measures based on grade.
In the following section, we guide readers through an interpretation of the results based on the TEMA-2 task. Other tasks are presented in less detail, but focus on the effects of math group and predictor variables that influence starting point and rate of growth. Table 3 summarizes the results of a growth curve model that included the effects of math group membership. In analyses using the MLD-10 group as a reference, the average raw score in kindergarten for the MLD-10 group was 15.34, and the average rate of growth across the study was 0.81. In analyses using the non-MLD group as a reference, the average starting score in kindergarten was 28.51, and the average rate of growth was 0.99. As depicted in Figure 1 , there was a significant effect of math group membership on the intercept and slope for TEMA-2. By definition, both MLD groups had significantly lower scores on the TEMA-2 at the beginning of kindergarten than the non-MLD group; and the MLD-10 group had lower scores than the MLD-11-25 group. However, the MLD-10 group had a significantly slower rate of growth than both the MLD-11-25 and the non-MLD groups. No difference in growth rate was observed between the MLD-11-25 and non-MLD groups.
TEMA-2.
The effects of adding predictor variables are displayed in Table 4 . In this model, scores are centered on the sample mean when predictor variables are held constant. Thus, the slope and intercept refer to the reference group's average performance on a given task when centered on the predictor variables. In analyses using the MLD-10 group as a reference, the average starting raw score in kindergarten when holding predictor variables constant was 21.39, and the average rate of growth was 0.74 across the study. For analyses using the non-MLD group as a reference, the average starting score in kindergarten when holding predictor variables constant was 27.72, and the average rate of growth was 0.99. There were significant effects of IQ, DTVP-2-PS, and RAN Numbers on the intercept, and a significant effect of RAN Numbers on the slope (see Table 4). Children with higher scores on IQ and DTVP-2-PS and with faster response times on the RAN Numbers task started kindergarten with significantly higher TEMA-2 scores. Children with longer response times on the RAN Numbers task grew significantly faster than their peers with faster response times. After adding the predictors, the only observed change in the pattern of results was a significant difference in growth rate that emerged between the MLD-11-25 and non-MLD groups.
DTVP-2-PS.
With regard to math group effects, a significant effect was found for the intercept (see Table 3 ). That is, children in the non-MLD group had higher DTVP-2-PS scores at Time 1 than children in the MLD-10 and MLD-11-25 groups. There was no difference between the starting points of the MLD-11-25 and the MLD-10 group. A significant effect of math group was found on the slope. The MLD-11-25 group grew significantly faster across the 4 years of the study than the non-MLD group. There was no difference between the growth rates of the MLD-10 group and the non-MLD or the MLD-11-15 groups.
As displayed in Table 4 , IQ was the only significant predictor variable in the model. Children with higher IQ scores started kindergarten with significantly higher DTVP-2-PS scores but grew at a slower rate than children with lower IQ scores. The differences in intercept between the MLD-10 and non-MLD group did not remain significant after the addition of the predictors. Also, the MLD-11-25 and non-MLD groups no longer differed on intercept or slope.
Word Attack. On the WJ-R Word Attack task, there was a significant effect of math group membership on Time 1 scores. The non-MLD group showed higher initial scores than the MLD-10 and MLD-11-25 groups, but there were no differences in initial scores between the MLD-11-25 group and the MLD-10 group. The non-MLD group had a faster growth rate than the MLD-10 and MLD-11-25 groups, and the MLD-11-25 had a faster growth rate than the MLD-10 group.
IQ, DTVP-2-PS, and RAN Numbers were significant predictors of the intercept for the Word Attack task, favoring children with higher IQ and DTVP-2-PS scores and faster RAN response times. IQ, DTVP-2-PS, and RAN Numbers were not significant predictors of the slope, and RAN Colors did not predict either starting point or growth. After adding the predictors, Note. MLD = mathematics learning disability; MLD-10 = participants with math performance consistently below the 10th percentile; MLD-11-25 = participants with math performance consistently between the 11th and 25th percentiles; non-MLD = participants with math performance consistently above the 25th percentile; TEMA-2 = Test of Early Math Ability, 2nd ed. (Ginsburg & Baroody, 1990 ); DTVP-2-PS = Developmental Test of Visual Perception, 2nd ed., Position in Space subtest (Hammill et al., 1993) ; RAN = Rapid Automatized Naming (Denckla & Rudel, 1974) ; RT = response time. *p ≤ .05. **p ≤ .01. ***p ≤ .001.
the intercept difference between the MLD-10 and non-MLD groups was no longer significant, but the difference in slope between the two groups remained significant, as did the slope between the MLD-10 and MLD-11-25 groups. As before, no difference was found for the intercept between the MLD-10 and MLD-11-25 groups. Also, the difference in slope for the MLD-11-25 and non-MLD groups remained significant, but the intercept was no longer significantly different.
RAN Colors.
There were significant effects of math group on Time 1 scores and on growth rates. At the beginning of kindergarten, the MLD-10 group showed longer response times than the MLD-11-25 and the non-MLD groups, and the MLD-11-25 group showed longer response times than the non-MLD group. The MLD-10 group decreased their response times significantly faster than the MLD-11-25 and the non-MLD groups, whereas the MLD-11-25 group decreased their response times faster than the non-MLD group.
There were no significant effects of predictor variables on the intercept or the slope for the RAN Colors task (see Table 4 ). After adding the predictors, the MLD-10 group continued to differ from the MLD-11-25 and non-MLD groups on intercept and slope. Differences in slope and intercept were still observed between the non-MLD and MLD-11-25 groups on the RAN Colors task. Table 3 , similar results were found on the RAN Numbers task as on the RAN Colors task. That is, there were significant effects of math group on the slope and the intercept. With regard to Time 1 scores, the MLD-10 group showed longer response times than both the MLD-11-25 and the non-MLD groups. The MLD-11-25 group showed longer response times than the non-MLD group. With regard to growth rates, the MLD-10 group decreased their response times significantly faster than the MLD-11-25 and the non-MLD groups. The MLD-11-25 group also decreased their response times significantly faster than the non-MLD group.
RAN Numbers. As indicated in
In contrast to the RAN Colors task, IQ was a significant predictor of starting point on the RAN Numbers task (see Table 4 ). Children with higher IQs had significantly faster RAN Numbers response times than children with lower IQs. IQ was not a significant predictor of growth, and DTVP-2-PS was not a significant predictor of starting point or growth. After adding the predictors, the MLD-10 group continued to differ from the MLD-11-25 and non-MLD groups on initial score and growth rate. The non-MLD and MLD-11-25 groups continued to differ on intercept, but no longer differed on slope.
Analyses According to Grade
To assess when math group differences emerged across the primary school years and to examine possible interactions between math group and the measures administered, a series of 3 × 5, Math Group (MLD-10, MLD-11-25, non-MLD) × Measure (TEMA-2, RAN Note. MLD = mathematics learning disability; MLD-10 = participants with math performance consistently below the 10th percentile; MLD-11-25 = participants with math performance consistently between the 11th and 25th percentiles; non-MLD = participants with math performance consistently above the 25th percentile; TEMA-2 = Test of Early Math Ability, 2nd ed. (Ginsburg & Baroody, 1990 ); DTVP-2-PS = Developmental Test of Visual Perception, 2nd ed., Position in Space subtest (Hammill et al., 1993) ; RAN = Rapid Automatized Naming (Denckla & Rudel, 1974) ; RT = response time. *p ≤ .05. **p ≤ .01. ***p ≤ .001.
Colors, RAN Numbers, DTVP-2-PS, WJ-R Word Attack) MANOVAs were conducted on the TEMA-2 quotient score, the scaled score for the DTVP-2-PS, the Word Attack standard score, and RAN Colors and Numbers response time. The same analysis was carried out at each grade level (see Table 5 ), with the following exception: RAN Numbers was not included in the kindergarten analysis but was included along with RAN Colors for the remaining years. IQ was not included as a covariate in these analyses to avoid redundancy with the growth curve models, and because the primary purpose of the ANOVAs was to describe the characteristics of the sample at each time point. Differences were found across math groups on all measures ( ps ≤ .004); therefore, we just report the results of the pairwise comparisons between the math groups, which were conducted using Fisher's least significant difference (LSD) to maintain a familywise alpha of .05 for this MANOVA (Keppel, 1982) . The CNT and counting trials were analyzed separately and are discussed subsequently. Results for variables that were included in the growth curve models (GCM) are redundant with the intercept data, for kindergarten only; however, these results are included in the description of the results to provide a complete picture of how the performance profiles varied during the early school years. Figure 2 , in each grade, the non-MLD group had higher TEMA-2 scores than the MLD-11-25 group; both had higher scores than the MLD-10 group (ps ≤ .008).
TEMA-2. As expected, and as depicted in
DTVP-2-PS.
The non-MLD group had higher DTVP-2-PS scaled scores than the other two groups (ps < .03), which did not differ from each other in kindergarten, first, or second grade (p = .29, p = .53, p = .08, respectively). As the children moved on to third grade, the non-MLD group no longer differed from the MLD-11-25 group (p = .20), and both groups had higher scores than the MLD-10 group (p ≤ .001).
Word Attack. In kindergarten and first grade, the non-MLD group had higher Word Attack standard scores than the two MLD groups (ps ≤ .03), who did not differ from each other (p = .99, p = .03, respectively). In second and third grade, the non-MLD group continued to have higher scores than the MLD-11-25 group (p = .002, p < .001, respectively); however, the MLD-11-25 group's scores had become significantly higher than those of the MLD-10 group (p = .02).
RAN Colors.
In kindergarten and first grade, all three groups differed on the RAN Colors: The non-MLD group had faster response times than the MLD-11-25 group (p < .001, p = .03, respectively), which in turn was significantly faster than the MLD-10 group (ps ≤ .02). In second grade, however, the overall pattern of group differences observed in the follow-up contrasts was different from the previous grades: The non-MLD group and the MLD-11-25 groups no longer differed from each other on the RAN Colors (p = .16), but both continued to differ from the MLD-10 group (ps ≤ .01). Then, in third grade, the three groups no longer differed on the RAN Colors, F(2, 207) = 2.14, p = .12.
RAN Numbers.
In kindergarten, first, and second grade, the non-MLD group had faster response times than the MLD-11-25 group (p = .006, p = .008, p = .004, respectively), which in turn was significantly faster than the MLD-10 group (p ≤ .004). As the children moved on to third grade, the non-MLD and MLD-11-25 groups did not differ (p = .07), nor did the MLD-11-25 and the MLD-10 differ (p = .14); however, the non-MLD group differed from the MLD-10 group (p = .002).
CNT.
A univariate ANOVA was conducted on the efficiency, response time, and number of errors for the CNT one-attribute subtest separately for first and third grade. In both sets of analyses, differences in efficiency were found across the three groups on the one-attribute subtest (ps ≤ .02). In first grade, follow-up contrasts using Fisher's LSD approach revealed that the non-MLD group showed more efficient performance than the MLD-10 group (p = .002) but did not differ in efficiency from the MLD-11-25 group (p = .06). The two MLD groups did not differ from each other ( p = .09). Math group differences in both response time, F(2, 173) = 4.25, p = .02, and number of errors, F(2, 173) = 9.56, p < .001, contributed to the observed group differences in efficiency. The non-MLD group showed faster response times than the MLD-11-25 group (p = .007) but had comparable response times to the MLD-10 group (p = .16). Moreover, the MLD-11-25 group and the MLD-10 group did not differ from each other (p = .70). With regard to the number of errors, the non-MLD group made fewer errors than the MLD-11-25 group (p = .04) and the MLD-10 group (p < .001), whereas the MLD-11-25 group made fewer errors than the MLD-10 group (p = .02).
Follow-up contrasts in third grade indicated a different pattern of results than found in first grade. In third grade, the non-MLD group had faster response times than both the MLD-11-25 group (p < .001) and the MLD-10 group (p = .003), which did not differ from each other ( p = .77). Given the significant group differences in efficiency, analyses were also conducted for response time and number of errors. In first grade, group differences on both measures contributed to overall group differences in efficiency score. In third grade, however, group differences were observed only for response time, F(2, 197) = 9.19, p < .001. The non-MLD group had faster response times than both the MLD-11-25 group (p = .001) and the MLD-10 group (p = .003), which did not differ from each other (p = .63). The math groups did not significantly differ on the number of errors, F(2, 197) = 2.43, p = .09. In third grade only, a second univariate ANOVA was conducted on the efficiency, response time, and number of errors for the CNT two-attribute subtest. The three math groups differed in efficiency, F(2, 188) = 19.30, p < .001. The performance in the non-MLD group was more efficient than in both MLD groups ( ps < .001), which did not differ from each other ( p = .35). Math group differences were also found for response time, F(2, 188) = 6.12, p = .003, and number of errors, F(2, 188) = 9.67, p < .001. The pattern of group differences on this two-attribute subtest in third grade was similar to the pattern observed on the one-attribute subtest in first grade for both response time (Table 5 Dashes indicate that the corresponding value was not obtained. MLD = mathematics learning disability; MLD-10 = participants with math performance consistently below the 10th percentile; MLD-11-25 = participants with math performance consistently between the 11th and 25th percentiles; non-MLD = participants with math performance consistently above the 25th percentile; TEMA-2 = Test of Early Math Ability, 2nd ed. (Ginsburg & Baroody, 1990) , quotient score; DTVP-2-PS = Developmental Test of Visual Perception, 2nd ed., Position in Space subtest (Hammill et al., 1993) , scaled scores; WJ-R = Woodcock Johnson Psychoeducational Battery-Revised (Woodcock & Johnson, 1989) , Word Attack subtest, standard scores; RAN = Rapid Automatized Naming (Denckla & Rudel, 1974) , response times; CNT = Contingency Naming Test (Anderson et al., 2000) , efficiency score; 1A = one-attribute subtest; 2A = two-attribute subtest; CT = counting trials task, total score. a Relative to the non-MLD group. b Between the two MLD groups.
Relative to non-MLD group: *p < 0.05; **p ≤ 0.01; **p ≤ 0.001. Between the two MLD groups: † p ≤ 0.05; † † p ≤ 0.01; † † † p ≤ .001. FIGURE 1. TEMA-2 raw scores by grade based on math ability group membership. MLD = mathematics learning disability; MLD-10 = participants with math performance consistently below the 10th percentile; MLD-11-25 = participants with math performance consistently between the 11th and 25th percentiles; non-MLD = participants with math performance consistently above the 25th percentile.
and number of errors. The non-MLD group did not differ from the MLD-10 group (p = .30) but had a faster response time than the MLD-11-25 group (p = .001). The MLD-10 group did not differ in response time from the MLD-11-25 group (p = .30). With regard to the number of errors, the non-MLD group had fewer errors than the MLD-11-25 group (p = .005) and the MLD-10 group ( p < .001). The MLD-11-25 group did not differ from the MLD-10 group (p = .10).
Counting Trials. A univariate ANOVA was conducted separately for each grade on the total correct score, the number of times the child answered "correct" when the counting was correct (hits), and the number of times the child answered "incorrect" when the counting was incorrect (true negatives). When appropriate, followup testing was conducted using Fisher's LSD procedure to control the familywise alpha. In first grade, group differences were found for the total correct score, F(2, 207) = 30.87, p < .001. The non-MLD group had a higher total correct score than both MLD groups (ps < .001). The total correct score of the MLD-11-25 group also exceeded the score of the MLD-10 group (p = .002). These group differences in total correct score were not due to differences in the number of hits, F(2, 207) = 0.75, p = .47, but rather to differences in true negatives, F(2, 207) = 32.73, p < .001. Specifically, the non-MLD group was more likely than either MLD group to correctly identify counting errors ( ps < .001). The MLD-11-25 group was also more likely to identify counting errors than the MLD-10 group (p = .004).
The pattern of results observed in second grade was fairly consistent with the first-grade pattern. The groups differed in the total correct score, F(2, 206) = 29.34, p < .001, and identification of true negatives, F(2, 206) = 31.35, p < .001. The non-MLD group had a higher total correct score than both MLD groups (ps ≤ .001). The total correct score of the MLD-11-25 group exceeded the score of the MLD-10 group (p < .001). The non-MLD group was also more likely than the MLD-11-25 group (p = .01) and the MLD-10 group (p < .001) to correctly identify counting errors (true negatives), whereas the MLD-11-25 group was better at identifying such errors than the MLD-10 group ( p < .001). Furthermore, the math groups differed on identification of correct counting (hits), F(2, 206) = 4.53, p = .01; however, this result is not clinically significant, because performance in all three of the groups was 90% or higher, which suggests mastery of the concepts being measured. Out of 10 possible hits, the mean numbers in the non-MLD, MLD-11-25, and MLD-10 groups were 9.52, 9.05, and 9.41, respectively.
Discussion
Studies in the area of MLD have relied on a range of cutoff scores to define poor math performance. As a result of the varying cutoffs used, the findings across studies may reflect either a core group of children who meet criteria for FIGURE 2. TEMA-2 quotient scores by grade based on math ability group membership. MLD = mathematics learning disability; MLD-10 = participants with math performance consistently below the 10th percentile; MLD-11-25 = participants with math performance consistently between the 11th and 25th percentiles; non-MLD = participants with math performance consistently above the 25th percentile. most of the definitions, or quite heterogeneous samples of children whose math and math-related skills differ substantially from each other. The present study was designed to compare the profile of math and math-related skills associated with two commonly used performance cutoff criteria for defining MLD. The results highlight qualitative differences in sample characteristics as a function of which cutoff criterion was used, and illustrate the value of examining skill areas associated with math performance in addition to performance on math tests.
Math Performance
The three math ability groups differed in performance on the TEMA-2 (see Figures 1 and 2 ), as would be expected, given that the TEMA-2 was used to define the three groups. As depicted in Figure 1 , the growth rate analyses indicated that the TEMA-2 raw score increased at a faster rate for the non-MLD and MLD-11-25 groups than for the MLD-10 group. The MLD-10 group was not only behind the other two groups in initial ability but these differences continued into third grade and may be further exacerbated in future grades by the slower rate of growth in the MLD-10 group relative to the other two groups. Moreover, not only did the MLD-11-25 group perform more poorly than the non-MLD group, but the lack of difference in the rate of growth between these two groups suggests that the math performance in the MLD-11-25 group parallels but continues to lag behind the rate for the non-MLD group. Indeed, differences between the groups were evident each year from kindergarten through third grade in the crosssectional analyses (see Figure 2) . Thus, despite the evidence for continued growth in formal and informal math skills in all three math groups (as highlighted in Figure 1 ), when math performance was evaluated relative to peers (using standardized scores, as in Figure 2 ), neither MLD group was able to "catch up" to the non-MLD group.
Moreover, the trajectory of performance in the two MLD groups appeared to diverge beyond second grade, suggesting the possibility of a performance plateau in the MLD-10 group that was not apparent in the MLD-11-25 group. Alternatively, the observed pattern of results may also suggest a delay in the mathematical development of children in one or both of the MLD groups. For example, the MLD-11-25 and MLD-10 groups' TEMA-2 raw scores at Grades 1 through 3 appeared to be consistent with the TEMA-2 raw scores of the non-MLD group in the previous grade. Similarly, the MLD-10 group's raw TEMA-2 scores appeared to lag 2 years behind those of the non-MLD group. It remains to be seen whether children in either group or just in the MLD-11-25 group eventually reach the performance levels of their peers. That is, although these results are highly suggestive of the presence of distinct groups of children by third grade, determining the full impact of the math group differences in growth rate will require future studies of group differences starting in third grade.
In addition to the formal and informal math skills assessed using the TEMA-2, a counting task was administered to measure awareness of counting principles. Performance on this task also distinguished the three math groups. In both first and second grades, children in the non-MLD group answered more items correctly than did those in the MLD-11-25 group, followed by those in the MLD-10 group. All three groups appeared to have mastered the skills needed to identify correct counting; therefore, the group differences were primarily attributable to differences in the ability to detect incorrect counting (i.e., true negatives).
Both MLD groups were less adept than the non-MLD group at identifying counting errors in first and second grade. The non-MLD group detected 87% and 92% of counting errors in first and second grades, respectively, which suggests mastery of the fundamentals of counting in first grade, with some improvement in second grade. Although the overall percentage of identified errors was lower in the MLD-11-25 group, this percentage rose from 68% to 86% between first and second grade. Thus, despite these children's difficulty with counting in first grade, their performance by second grade improved almost to the level of children a grade younger without MLD. In contrast, the percentage in the MLD-10 group rose only from 51% to 64%, which distinguishes their performance from the MLD-11-25 group and suggests a lingering difficulty with the skills required to identify incorrect counting. This difficulty may result from a yes response bias among children in the MLD groups, thereby leading to more positive responses and fewer false negatives. However, this explanation is unlikely, given the findings from other studies that children with MLD were more likely to report that correct counting was incorrect (misses) when conventional left-toright sequential counting was violated (e.g., Geary, Hamson, & Hoard, 2000) . An alternative explanation (discussed subsequently) is that children with MLD have difficulties with the working memory demands that are inherent in tracking items during counting (Geary, Hoard, Byrd-Craven, & DeSoto, 2004; . Regardless of the underlying reasons for poorer counting skills, the results from the counting task are consistent with the pattern of results from the TEMA-2, as discussed previously. That is, the performance of the MLD-11-25 group appears to improve more over time than that of the MLD-10 group, which further supports the notion that the two MLD groups represent distinct groups of children.
Math-Related Skills
We assessed the relative contributions of skills related to math performance by adding IQ, visual-spatial ability, and rapid naming speed to the initial growth curve analyses in Model 1. In the resulting model (Model 2; see Table 4), IQ, visual-spatial ability, and rapid number naming were significant predictors of the differences in entry level across the three math groups. IQ and visual-spatial ability did not account for overall growth rates, but RAN Numbers was a significant predictor of growth. These predictors did not account for differences between the MLD-10 group and the other two groups, but differences in growth became apparent between the MLD-11-25 and the non-MLD groups when the predictors were taken into account. These results suggest that the predictors used in the present study may influence growth rate differently in the MLD-11-25 and MLD-10 groups; however, this conclusion is limited by the relatively small change in slope for the MLD-11-25 group relative to the non-MLD group between Model 1 and Model 2. Regardless, these predictors may be worthy of consideration as a means by which to evaluate the full phenotype associated with MLD and to address the nature of the observed group differences. Note that working memory was not included as a predictor. Unlike standardized IQ, which is relatively stable across development, age-related changes in working memory occur during the school-age years (e.g., Anderson et al., 2000) , and so the thorough modeling of growth in working memory requires more than the two assessments collected in the present study.
In addition to examining mathrelated skills as predictors of math performance, we evaluated starting level and rate of growth on each measure of math-related skill as a function of math group. Of note is the difference across math groups in IQ, which was expected, given the strong relationship between intelligence and academic achievement in many areas (as reviewed by Ceci, 1991) , including math and reading (Clarren, Martin, & Townes, 1993) and phonological skills (Torgesen, . Although included in the growth curve models, IQ was not included as a covariate in the ANOVAs because the focus of these analyses was on describing characteristics of children with MLD.
Visual-Spatial Ability. The non-MLD group had higher starting scores on the DTVP-2-PS than the two MLD groups, which did not differ from each other. Moreover, no differences in growth rate were found between the MLD-10 group and the other two groups, but the growth rate was faster in the MLD-11-25 group than in the non-MLD group. The analyses conducted by grade revealed that by third grade, the performance of the MLD-11-25 group was not different from that of the non-MLD group, and both of these groups performed better than the MLD-10 group. This pattern is quite distinct from the pattern of performance on the TEMA-2, where it was found that the math group differences in starting level and rate of growth were maintained through third grade. As a result, although visual-spatial ability is related to math performance, by itself alone it is not sufficient to account for math performance.
What does this relationship between math and visual-spatial ability reflect? One possible explanation is that one MLD group shows greater gains in math, and those gains result from overcoming initially slower rates in math performance linked to visualization processes. Consequently, as growth in visual-spatial skills emerges, so does growth in math performance. This explanation would be supported by data that show a change in the degree to which math performance continues to fall below average in third grade-a trend that was observed for the TEMA-2 scores. If visual-spatial ability is more strongly correlated with math in one MLD group compared to the other, it may help to account for why the performance of one MLD group continues to improve into third grade, whereas the performance of the other does not. In the present study, scores on the DTVP-2 did not differentiate the two MLD groups until third grade, when the MLD-10 group performed significantly more poorly than the MLD-11-25 group. Additional support for this notion would also be garnered if the magnitude of the correlation between math and visual-spatial skills were higher in third grade than in other grades. However, this was not the case. Although the correlation between DTVP-2-PS and TEMA-2 scores was significant in the whole sample at all grades (ps < .001), the correlation was highest in kindergarten (r = .42) and decreased every year to third grade (r = .33).
Reading Ability. It is also possible that reading-related skills underlie potential qualitative differences in the two MLD groups. This hypothesis is grounded at least in part in previous evidence of a math disability subtype linked to poor reading performance (Geary, 1993) and in findings that children with both MLD and RD differ from children with MLD only (i.e., who do not have RD) on a subset of mathematics tasks-specifically, those involving approximate versus exact calculations (Hanich et al., 2001) .
The patterns of findings from the decoding and RAN analyses differed from each other and from the findings for the TEMA-2 or DTVP-2-PS scores. On the WJ-R Word Attack, starting level differentiated the non-MLD group from the MLD groups, which did not differ from each other. Growth rate also distinguished the three groups: The non-MLD group showed a faster rate of growth than the two MLD groups, and the MLD-11-25 group showed faster growth rates than the MLD-10 group. This pattern of results is consistent with the grade-level analyses indicating that by second and third grade, the MLD-10 group had significantly lower Word Attack scores than the MLD-11-25 group, and both had lower scores than the non-MLD group. It remains to be seen whether growth rates beyond third grade will differentiate the two MLD groups, or whether decoding skills among the MLD-10 group eventually reach the performance level of the MLD-11-25 group.
In addition to decoding, rapid naming speed differed across all three groups of participants at entry level; yet this pattern did not persist throughout the 4 years of the study. The MLD-11-25 group was both significantly slower than the non-MLD group and significantly faster than the MLD-10 group on RAN Numbers and Colors in kindergarten through second grade. However, by third grade, rapid naming speeds were comparable across the two MLD groups for both the Colors and Numbers subtests. The changes observed in third grade may be attributable to differences across groups in their respective growth rates: The MLD-10 group showed the fastest decrease in response time from kindergarten through third grade, followed by the MLD-11-25 group, and then the non-MLD group, whose response times decreased the least fast. Nevertheless, only the MLD-10 group was significantly slower on RAN Numbers relative to the non-MLD group in third grade, suggesting a deficit on both reading tasks among the former group of children.
At first glance, these findings may appear as evidence that children in both MLD groups simply had reading difficulties. Indeed, RD occurs more frequently among children with MLD relative to the general population (Light & DeFries, 1995) . However, fewer than half of the children in our MLD-10 and MLD-11-25 groups (only 36% and 8%, respectively) met criteria for RD (Mazzocco & Myers, 2003) . Furthermore, our findings highlight qualitative differences in the two MLD groups, based on the source of their reading difficulty. Decoding and rapid naming skills are independent of each other despite their common association with MLD . Children with RD may have deficits in one or both of these skills (Bowers & Newby-Clark, 2002) , and those children with deficits in both areas are more likely to have pronounced RD than children with deficits in only decoding or rapid naming skills (Wolf & Bowers, 1999) . When the participants in the present study reached third grade-a time when the vast majority of typical readers can successfully decode unfamiliar wordsdecoding scores continued to differentiate the two MLD groups, but rapid naming skills differed only between the non-MLD and MLD-10 group. Considered together, these finding suggest that the MLD-11-25 group has reading difficulties predominantly tied to poor decoding, whereas the MLD-10 group includes children with both poor decoding and poor fluency.
Note that rapid naming deficits seen in children in the MLD-10 group were observed only for rapid number naming, not for rapid color naming. The apparent dissociation between RAN Numbers and Colors is consistent with previous evidence that naming digits requires fewer processing demands than naming colors among third graders (Stringer et al., 2004) . Our data suggest that the processing demands for these tasks are not differentiated in kindergarten through second grade, because rapid naming of numbers is not yet as automatic among younger children as it is by third grade. At third grade, or age 8 years, attentional components associated with rapid color naming fail to differentiate our two MLD groups, suggesting that attention skills do not differentiate our two MLD groups. However, the data obtained from our working memory measure suggest otherwise, as elaborated in the following section.
Working Memory. Our findings add to the growing body of evidence that MLD appear to be more strongly linked to maintaining information in working memory (Bull & Scerif, 2001) than to the size of the working memory span per se. In the present study, children without MLD were more efficient at completing both the one-and twoattribute working memory tasks, as measured by the CNT, than were children with MLD. In some cases, efficiency scores for the non-MLD group differed from those of the MLD groups, but there were differences in the degree to which these differences were manifested and in the apparent underlying causes of less efficient performance in MLD groups between first and third grades.
At first grade, children with MLD-10 were less efficient than peers in both the MLD-11-25 and non-MLD groups, whereas the efficiency scores of the last two groups did not differ. This finding suggests that working memory deficits are a characteristic of the MLD-10 group only. However, the children in the MLD-11-25 group actually took more time to complete the task (M = 94 seconds) than did the children in the MLD-10 group (M = 91 seconds) or the non-MLD group (M = 81 seconds). In fact, response time differences were significant only when comparing the MLD-11-25 and non-MLD groups. For children in the MLD-10 group, below-average efficiency was due primarily to making many more errors (M = 8.6) than were made by the non-MLD group (M = 2.9), despite taking comparable amounts of time. Children in the MLD-11-25 group made more errors (M = 4.8) than children in the non-MLD group despite taking significantly longer to complete the task.
By third grade, the one-attribute task is a less demanding working memory task for most children, reflected by the finding that the number of errors was comparable across all three groups (Ms = 1.3-2.5), as were response times to complete the task (Ms = 59-69 seconds). In contrast, efficiency scores on the two-attribute task completed at third grade were nearly identical to efficiency scores for the one-attribute task completed at first grade, but only for children without MLD (Ms = 0.93 and 0.87, respectively) and children in the MLD-10 group (M = 0.48 for both years). When comparing first-and third-grade efficiency scores for the one-and two-attribute task, respectively, among children in the MLD-11-25 group, efficiency scores decreased from 0.72 to 0.59, reaching a level comparable to that of the MLD-10 group. The number of errors made on this task ranged from low in the non-MLD group (M = 3.1) through intermediate in the MLD-11-25 group (M = 6.2) to high in the MLD-10 group (M = 9.2), as one might predict. Yet response times to complete the two-attribute task were age appropriate for the non-MLD group (M = 77 seconds), slower but not significantly so for the MLD-10 group (M = 83 seconds), and slowest for the MLD-11-25 group (M = 90.9 seconds). Indeed, the only statistically significant difference in response times for the two-attribute task at third grade was between the non-MLD and MLD-11-25 groups.
Considered together, the CNT findings suggest consistently less efficient working memory performance among children with MLD-10 relative to children without MLD, which is linked primarily to the MLD-10 group making more errors; and decreasing rates of efficiency among the MLD-11-25 group, linked to longer response times. It was not possible to systematically examine growth rates on the CNT, because the test was administered only twice during the study. If the trends we observed continue during later school years, the results could have important implications for group differences in working memory limitations across children who meet different criteria for MLD.
Implications
Comparisons between the MLD-10 and MLD-11-25 groups revealed distinct profiles of math and math-related skills. These differences lead to the question of how best to summarize what differentiates these two MLD groups. One explanation is that the group differences are attributable to global deficits in processing or cognitive ability that are present in either or both of the MLD groups. If this is the case, the MLD group with the global deficit should perform poorly on all measures relative to the other MLD group-that is, not exclusively on math measures. Moreover, the pattern of group differences in performance should be maintained across the observed time points. In the present study, although both MLD groups often performed more poorly than the non-MLD group, consistent differences in performance were not found between the two MLD groups. The lack of consistently poor performance in one MLD group compared to the other suggests that a global deficit alone does not account for the differences between the two groups.
A second possible explanation is that the differences between the MLD-10 and MLD-11-25 groups result from difficulty in an area related to math performance, such as visual-spatial skills, reading ability, or working memory, rather than specifically to math ability. In order for this hypothesis to be supported, one of the two MLD groups should consistently perform more poorly in a given area across all years of the study. The area of difficulty, however, need not be exclusive to one or the other of the groups, nor would it need to be the same for both groups. When the predictors were entered into the growth curve model for TEMA-2 performance, cognitive ability, visual-spatial ability, and rapid number naming predicted entry level on the math assessment, whereas only rapid number naming predicted the rate of growth over the study. However, these predictors did not account for the difference in entrylevel performance between the MLD-10 and MLD-11-25 groups. Thus, although these factors alone are insufficient to account for math performance, some combination of these skills contributes to overall math performance in kindergarten. When we compared the MLD-10 and MLD-11-25 groups across grades, both had difficulty on many of the same measures, rather than in one area that primarily distinguished the groups. Moreover, the source of the difficulty varied; for example, inefficient performance on the working memory tasks was either tied primarily to difficulty in maintaining information in working memory (MLD-10) or to the fluency with which the tasks were carried out . Overall, the profile of MLD group differences on math-related skills does not suggest that one of the two MLD groups consistently performs more poorly in one area, nor is there a clear pattern of poor performance in one area across all years of the study. Thus, the differences between the two MLD groups do not appear to arise as a function of consistent deficits in a single specific mathrelated skill measured in this study.
A third possible explanation for MLD group differences in the present study is that the MLD-10 and MLD-11-25 groups are differentiated on the basis of a deficit in a specific area or areas of math ability. This scenario might be analogous to the relationship between phonological awareness and RD. Indeed, efforts have been made to distinguish a core deficit or deficits that are specific to the domain of mathematics, such as number sense (see Butterworth, 2005) . If this is the case, the two MLD groups should differ on some dimensions of math performance, but not on others, and this pattern should be consistent over time. Although the present study was not designed to compare MLD groups on specific areas of math performance, it did address group differences in the trajectory of growth for formal and informal math skills. As a result, it is possible to determine the extent to which the two MLD groups are distinguished based on improvement in math performance. As discussed previously, when math scores are plotted over the course of the study for children with MLD relative to peers (see Figure 2) , the growth trajectories of the two MLD groups appear to diverge by third grade, despite evidence of continued growth in math skills through third grade (see Figure 1) . Examining math group differences in exit points was beyond the scope of the present study. Future work examining growth rates using data from study exit points will be critical for determining the significance of math group differences in third grade. Regardless, the results described here further characterize the qualitative nature of the differences between the MLD-10 and MLD-11-25 groups. In light of the inconsistency across studies in the definitions used to study MLD, these results highlight the need for more empirical work that assesses the characteristics of MLD as a function of the approach used to define MLD.
Limitations
There are several noteworthy limitations of the present study. First, this study focused exclusively on differences linked to cutoff scores to define MLD. In the LD literature, attention has been drawn to the arbitrary nature of cutoff scores and their resultant insufficiency for capturing the complexity of learning disabilities (Francis et al., 2005) . At present, cutoff criteria remain a common practice in the field of MLD (Geary, 2004) . Given the widespread use of cutoff scores for determining eligibility for special education services in school and the lack of a ready alternative, we believe it is worthwhile to explore the implication of different cutoff scores on the characteristics of MLD.
Second, although we obtained the mean and percentile ranks for each child using the norms provided by the TEMA-2, we used the sample mean and percentiles to establish the bottom 10th or bottom 25th percentile. Reliance on a local normative group rather than on the national sample may limit the generalizability of the study findings. However, the sample used in the present study was a large, normative sample (n = 210) from one large public school district (see Mazzocco & Myers, 2003) ; and the prevalence of MLD based on the 10th percentile was consistent with prevalence estimates in the general population.
A third, related limitation is that we defined MLD based on only one measure of math performance, the TEMA-2. Differences across the three math groups may emerge or disappear if other math measures are used, such as the WJ-R Calculations or KeyMathRevised. The TEMA-2 was chosen as a starting point based on findings that it had more consistent psychometric properties over time than achievement tests such as the WJ-R (Mazzocco & Myers, 2003) . It is worth noting, however, that more remarkable group differences might have emerged had our two MLD groups been classified as having MLD on the basis of a cutoff score (same or different) applied to various measures (e.g., the WIAT, WJ-R, KeyMath, or experimental measures) or after being drawn from either a random or prescreened sample. In the latter case, additional differences might have been associated with varying screening criteria, such as preselecting children nominated by teachers as having MLD (or LD) or receiving special education services in school. Characteristics of children with MLD could also vary as a function of whether two or more criteria were used to classify children as having MLD and whether any of the criteria are measured once or repeatedly over time.
Although it may not be readily apparent which (if any) set of criteria leads to the most valid definition of MLD, what is apparent from our study is that different definitions lead to different characteristics, so that groups of children across studies-all of whom are considered to have MLD-differ in important ways. Our findings lead us to caution researchers and practitioners from generalizing across studies that apply different cutoff criteria when characterizing the "typical" child with MLD. Reliance on the current definitions may lead to some cases where children are incorrectly diagnosed as having MLD (false positives) and other cases where children who should be diagnosed with MLD are not (false negatives). In the applied setting, the rate of false positives and false negatives affects accuracy in determining eligibility for services. Maximizing accuracy in the identification of individuals is at the heart of efforts to establish a consensus definition of MLD among researchers.
